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1
SWITCHING DEVICE DRIVING CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a switching device
driving circuit for driving switching devices which are
totem-pole connected between a high-potential power
terminal and a low-potential power terminal.

2. Description of the Background Art

FIG. 1 is a block diagram showing a PWM inverter
circuit of a three-phase bridge structure, which is gener-
ally employed for driving a motor 1 such as a three-
phase brushless motor, for example. As shown in FIG.
1, three pairs of totem-pole connected power switching
devices 2U and 2L, 3U and 3L and 4U and 4L are ar-
ranged in parallel between a high-potential power ter-
minal P and a low-potential power terminal N. The
power switching devices 2U, 2L, 3U, 3L, 4U and 4L are
turned on/off by control signals from a control circuit
S.

FIG. 2 1s a block diagram showing a portion of the
control circuit 5§ which is related to single-phase power
switching devices 2U and 21.. In the circuit shown in
FIG. 2, insulated gate bipolar transistors (hereinafter
referred to as IGBTs) 6U and 6L are employed as the
power switching devices 2U and 2L.

Referring to FIG. 2, an on/off command signal gen-
erating part 7 generates command signals for directing
on/off of the IGBTs 6U and 61., and supplies the same
to an input terminal 8U of an upper arm of a high-volt-
age side and another input terminal 8L of a lower arm of
a low-voltage side, respectively. The command signal
received in the input terminal 8U is shifted up in level in
a level shifting circuit 9 and inputted in a driving ampli-
fier 10U to which a high source voltage Vpis applied,
while the command signal received in the input terminal
8L. is directly inputted in a driving amplifier 10L, to
which a low source voltage Vi is applied. The level
shifting circuit 9 may be prepared from a photocoupler
11, which is formed by a light emitting element 114 and
a light receiving element 115 as shown in FIG. 4, for
example. The command signal from the input terminal
8U 1s applied to the light emitting element 11a and the
light receiving element 115 is connected to the high
source voltage V p, thereby generating a command sig-
nal of a high-voltage level. The driving amplifiers 10U
and 10L amplify the received command signals. The
output of the driving amplifier 10U is applied to the gate
of the upper arm IGBT 6U through a gate resistor Rgr,
while the output of the driving amplifier 10L is applied
to the gate of the lower arm IGBT 6L through another
gate resistor Rgy. |

FIG. 3 is a timing chart showing the on/off command
signals which are applied to the input terminals 8U and
8L.. Provided that the upper arm IGBT 6U and the
lower arm IGBT 6L are simultaneously turned on, a
short-circuit is caused across the high-potential power
terminal P and the low-potential power terminal N and
a large short-circuit current flows to the IGBTs 6U and
6L, so that the IGBTs 6U and 6L may be broken down.
In order to prevent this, upper and lower arm dead
times Tgr are provided between the on/off command
signals which are applied to the input terminals 8U and
8L. To this end, the on/off command signal generating
part 7 shown in FIG. 2 comprises a trigger signal gener-
ating part 7a and a dead time generating part 7. The
trigger signal generating part 7a produces signals in
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consideration of no upper and lower arm dead times Tg,
while the dead time generating part 76 provides the
upper and lower arm dead times Tz for the signals.
These functions of the trigger signal generating part 7a

‘and the dead time generating part 7b are implemented

through a microcomputer, for example. Alternatively,
the function of the trigger signal generating part 7a may
be implemented by a microcomputer, while the func-
tion of the dead time generating part 76 may be imple-
mented by a circuit such as a delay logic circuit.

In the conventional switching device driving circuit
having the aforementioned structure, the upper and
lower arm dead times T g must necessarily be provided

‘between the on/off command signals for the upper and

lower arms. Thus, processing for generating the on/off
command signals is complicated, and the load for the
microcomputer is significantly increased particularly in
the case of high-frequency switching.

On the other hand, the time interval of the upper and
lowes arm dead times TRg is determined depending on
turn-on and turn-off times of the power switching de-
vices and delay times of the driving amplifiers. The
turn-on and turn-off times of the power switching de-
vices are varied with the types and capacity of the
power switching devices, or load conditions. It has been
necessary to set the time interval of the upper and lower
arm dead times Tg, which is generally set at a fixed
period, at the longest period determined under the
worst condition. Further, disadvantageously, the upper
and lower arm dead times T g must be re-set when the
types of the power switching devices or the load condi-
tions are changed.

SUMMARY OF THE INVENTION

The present invention is directed to a switching de-
vice driving circuit for driving first and second switch-
ing devices being totem-pole connected between a high-
potential power terminal and a low-potential power
terminal. |

A switching device driving circuit in accordance
with the present invention comprises first monitoring
means connected with the first switching device for
monitoring on/off states of the first switching device to
provide a first monitoring signal, second monitoring
means connected with the second switching device for
monitoring on/off states of the second switching device
to provide a second monitoring signal, command signal
providing means for providing a first command signal
directing on/off of the first switching device and a
second command signal directing on/off of the second
switching device, first driving means connected with
the second monitoring means and the command signal
providing means for receiving the second monitoring
signal and the first command signal to supply a first

- driving signal for turning on the first switching device

65

to the first switching device when the second monitor-
ing signal indicates an off state of the second switching
device and the first command signal directs turn-on of
the first switching device, and second driving means
coupled with the first monitoring means and the com-
mand signal providing means for receiving the first
monitoring signal and the second command signal to
supply a second driving signal for turning on the second
switching device to the second switching device when
the first monitoring signal indicates an off state of the
first switching device and the second command signal
directs turn-on of the second switching device.
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According to the present invention, since a switching
device driving circuit comprises first and second moni-
toring means for monitoring on/off states of totem-pole
connected first and second switching devices and first
and second driving means for alternatively driving the 5
first and second switching devices under predetermined
conditions on the basis of monitoring signals received
from the first and second monitoring means and com-
mand signals directing on/off of the first and second
switching devices, a dead time 1s necessarily automati-
cally provided between the turning-off of one of the
switching devices and the turning-on of the other
switching device without setting an upper and lower
arm dead time for the command signals directing on/off
of the first and second switching devices, so that proper 15
upper and lower arm dead times are regularly obtained
even if the types of the switching devices or loading
conditions are changed.

Accordingly, an object of the present invention is to
provide a switching device driving circuit which can
regularly obtain proper upper and lower arm dead times
with no necessity for previous setting of such dead
times, even if the types of switching devices or loading
conditions are changed.

These and other objects, features, aspects and advan-
tages of the present invention will become more appar-
ent from the following detailed descniption of the pres-
ent invention when taken in conjunction with the ac-
companying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a conventional
three-phase PWM inverter circuit;

FIG. 2 1s a block diagram showing a conventional
switching device driving circuit;

FIG. 3 1s a timing chart showing upper and lower
arm dead times for command signals;

FIG. 4 1s a circuit diagram showing an exemplary
structure of a level shifting circuit;

FIG. 5§ is a block diagram showing an embodiment of 40
a switching device driving circuit according to the
present invention;

F1G. 6 is a block diagram showing a circuit material-
izing the embodiment shown in FIG. §;

FIG. 7 is a timing chart showing the operation of the 45
circuit shown in FIG. 6;

FIG. 8 to FIG. 13 are circuit diagrams showing vari-
ous exemplary structures for monitoring on/off states of
switching devices; and

FIG. 14 is a block diagram showing another exem- 50
plary structure of a monitoring circuit.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

F1G. 5 1s a block diagram showing an embodiment of 55
a switching device driving circuit according to the
present invention. Similarly to FIG. 2, FIG. § i1llustrates
only single-phase power switching devices 2U and 2L
which are totem-pole connected between a high-poten-
tial power terminal P and a low-potential power termi- 60
nal N.

Referring to FIG. §, an on/off command signal gen-
erating part 7 generates command signals for directing
on/off of the power switching devices 2U and 2L, and
supplies the same to input terminals 8U and 8L, respec-
tively. The command signals received in the input ter-
minals 8U and 8L are inputted in decision circuits 12U
and 12L, respectively. Monitoring circuits 13U and 13L
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- monitor on/off states of the power switching devices

2U and 2L, respectively. The output from the monitor-
ing circuit 13U of an upper arm side is shifted down in
level by a level shifting circuit 14 and nputted in the
decision circuit 12L of a lower arm side, while the out-
put of the monitoring circuit 13L of the lower arm side
is directly inputted in the decision circuit 12U of the
upper arm side. The level shifting circuit 14 may be
prepared from the photocoupler 11 shown in FIG. 4,
for example. To accomplish this one of the two input
terminals of the photocoupler 11 i1s connected to the
intermediate node (to which the driving amplifier 10U
is connected) between the power switching devices 2U
and 2L, with the other being connected to the monitor-
ing circuit 13U. One of the two output terminals is
connected to ground with the other being connected to
the decision circuit 121 |

When a command signal received from the on/off
command signal generating part 7 directs turn-on of the
power switching device 2U of the upper arm side and
the cutput from the monitoring circuit 13L indicates an
off state of the power switching device 2L of the lower
arm side, the decision circuit 12U outputs a drniving
signal for turning on the power switching device 2U of
the upper arm side. This driving signal is shifted up in
level by the level shifting circuit 9, which is formed by
the photocoupler 11 shown in FIG. 4, for example, and
applied to the gate of the power switching device 2U of
the upper arm side through a driving amplifier 10U and
a gate resistor Rgpy. Thus, the power switching device
2U of the upper arm side 1s turned on. It shouid be noted
that of the two input terminals of the photocoupler 11
one of these is connected to ground (not shown) and the
other is connected to a decision circuit 12U. One of the
two output terminals of the same i1s connected to the
intermediate node (to which the driving amplifier 10U
is connected) between the power switching device 2U
and 2L, and the other, to the driving amplifier 10U.

When a command signal received from the on/off
command signal generating part 7 directs turn-on of the
power switching device 2L of the lower arm side and
the output from the monitoring circuit 13U indicates an
off state of the power switching device 2U of the upper
arm side, on the other hand, the decision circuit 12L
outputs a driving signal for turning on the power
switching device 2L of the lower arm side. This driving
signal i1s applied to the gate of the power switching
device 2L of the lower arm side through a drniving am-
plifier 10L. and a gate resistor Rgy. Thus, the power
switching device 2L of the lower arm side is turned on.

FIG. 6 is a block diagram showing an exemplary
structure implemented by employing IGBTs 6U and
6L, AND gates 15U and 15L and inverters 16U and 16
as the power switching devices 2U and 21, the decision
circuits 12U and 12L and the monitoring circuits 13U
and 13L shown in FIG. §, respectively. The operation
of the circuit shown in FIG. 6 will now be described
with reference to a timing chart shown in FIG. 7.

It 1s assumed that a command signal S1; received in
the input terminal 8L falls from a high level directing
turn-on of the IGBT 6L of the lower arm side to a low
level directing turn-off while a command signal S1y
received in the input terminal 8U simultaneously rises
from a low level directing turn-off of the IGBT 6U of
the upper arm side to a high level directing turn-on, at
a time t;. A driving signal S37 outputted from the AND
gate 15L falls to a low level in response to the low level

of the command signal S1;, whereby a gate voltage
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Vgr (e, voltage value based on an emitter voltage
VL) of the IGBT 6L starts lowering. The inverter 16L
receives the gate voltage Vg; in order to monitor on/-
off states of the IGBT 6L.. The IGBT 6L is turned off at

a time ty when the gate voltage V gy goes lower than a

threshold voltage V ryer)of the IGBT 6L. A threshold
voltage Vry6r) of the inverter 16L is set lower than
the threshold voltage Vrasr) of the IGBT 6L. After
the IBGT 6L is turned off, the gate voltage Vg goes
lower than the threshold voltage Vryer) of the in-
verter 16L at a time t3, whereby a monitoring signal
'S27 outputted from the inverter 16L rises from a low
level to a high level.

The high-level command signal S1y is currently in-
putted 1n the AND gate 15U, and hence a driving signal
S3youtputted from the AND gate 15U rises from a low
level to a high level when the monitoring signal Sj7,
which 1s another input of the AND gate 15U, goes high.
In response to this, a gate voltage Vgu (i.e., voltage
value based on an emitter voltage Vgy) starts rising. A
monitoring signal S2y outputted from the inverter 16U
falls from a high level to a low level at a time t4 when
the gate voltage Vgu exceeds the threshold voltage
Vruaey) of the inverter 16U, and the IGBT 6U is
turned on at a time ts when the gate voltage Vgp ex-
ceeds the threshold voltage V rgr) of the IGBT 6U.

Thus, a dead time having a time width Tg is defined
between the turning-off of the IGBT 6L and the turn-
mg-on of the IGBT 6U.

It 1s assumed that the command signal S1y falls to a
low level and the command signal S1; rises to a high
level at a time t¢. In response to the low level of the
command signal S1y, a driving signal S3y outputted
from the AND gate 15U falls to a low level, whereby
the gate voltage Vgp of the IGBT 6U starts lowering.
The inverter 16U receives the gate voltage Vgp in
order to monitor on/off states of the IGBT 6U. The
gate voltage Vg goes lower than the threshold voltage
Vrreuyof the IGBT 6U at a time t7, whereby the IGBT
6U is turned off. The threshold voltage V rx160) of the
inverter 16U is set lower than the threshold voltage
Vraey) of the IGBT 6U. After the IGBT 6U is turned
off, the gate voltage Vg goes lower than the threshold
voltage V7gueyy of the inverter 16U at a time tg,
-whereby the monitoring signal Sy outputted from the
mnverter 16U rises from the low level to a high level.

The high-level command signal S1; is currently in-
putted 1n the AND gate 151, and hence the driving
signal 837 outputted from the AND gate 15L rises from
the low level to a high level when the monitoring signal
Sau, which is another input of the AND gate 15L, goes
high. In response to this, the gate voltage Vg of the
IGBT 6L starts rising. The monitoring signal S2;7 out-
putted from the inverter 16L falls from the high level to

a low level at a time t9 when the gate voltage Vgz

exceeds the threshold voltage Vrgier) of the inverter
161, and the IGBT 6L is turned on at a time tjo when
the gate voltage Vg1 exceeds the threshold voltage
Vrar) of the IGBT 6L. |

Thus, another dead time of the time width Tg is also
defined between the turning-off of the IGBT 6U and the
turning-on of the IGBT 6L..

Then, 1t 1s assumed that the command signal S1; also
goes high at a time t;; when the command signal S1yis

at a high level. The monitoring signal S2y outputted

from the inverter 16U is currently at a low level for
~ indicating an on state of the IGBT 6U, and hence the
driving signal S3;7 outputted from the AND gate 15L

10

15

20

25

30

35

40

435

50

25

65

6

keeps the low level attained before the command signal
S1; goes high. Thus, the IGBT 6L is prevented from
turn-on in response to the high level of the command
signal S1; when the IGBT 6U is in the on state in re-
sponse to the high level of the command signal S1y.
The command signal S1y falls from the high level to a
low level at a time t;3, whereby the IGBT 6U is turned
off and the IGBT 6L is turned off absolutely similarly to
the aforementioned operation after the time ts. The
dead time Tpg is defined at this time, as hereinabove
descnbed.

It is assumed that the command signal S1y also goes
high at a time t;3 when the command signal S1; is at a
high level. The monitoring signal S$2; outputted from
the inverter 16L is at a low level indicating an on state
of the IGBT 6L, and hence the driving signal S3y out-
putted from the AND gate 15U keeps the low level
attained before the command signal S1y goes high.
Thus, the IGBT 6U is prevented from turn-on in re-
sponse to the high level of the command signal S1y
when the IGBT 6L is in the on state in response to the
high level of the command signal S1;. The command
signal S1; falls from the high level to a low level at a
time ti4, whereby the IGBT 6L is turned off and the
IBGT 6U is turned on absolutely similarly to the afore-
mentioned operation after the time t;. The dead time
TR 1s defined at this time, as hereinabove described.

Thus, the IGBTs 6U and 6L will not be turned on at
the same time even if the command signals S1yyand S1;
simutaneously go high, while the dead time Tgis neces-
sarilly defined between the turning-off of one of the
IGBTSs and the turning-on of the other IGBT.

According to the embodiment, as hereinabove de-
scribed, the IGBTs 6U and 6L will not conduct at the
same time even if absolutely no dead time is provided
between the command signals S1yyand S1; or the com-
mand signals S1y7and S1; simutalneously go high. Fur-
ther, the proper dead time Tg is necessarily produced
between the turning-off of one of the IGBTs 6U and 6L
and the turning-on of the other one.

The embodiment shown in FIG. 6 can be modified in
various ways. Modes of preferable modifications will
now be described.

(1) In place of the aforementioned IGBT 6U (6L), the
power switching device 2U (21.) may be prepared from
a voltage control type device which is similar to an
IGBT, such as a power MOSFET 17U (17L) shown in
FIG. 8, for example. Alternatively, a bipolar transistor
18U (18L) may be employed as shown in FIG. 9. In
order to monitor on/off states of the power MOSFET
17U (17L) shown in FIG. 8, its gate voltage Vgu(Vgr)
(l.e., voltage value based on a source voltage Vsy
(Vsr)) may be detected by the inverter 16U (16L)
shown in FIG. 6, similarly to the case of the aforemen-
tioned IGBT 6U (6L), for example. In order to monitor
on/off states of the bipolar transistor 18U (18L) shown
in FIG. 9, on the other hand, its base voltage Vey(Var)
(1.e., voltage value based on an emitter voltage Vgy
(VEL)) may be detected by the inverter 16U (16L)
shown in FIG. 6, similarly to the case of the aforemen-
tioned IGBT 6U (6L), for example.

(11) The aforementioned IGBT 6U (6L) may be re-
placed by an IGBT 19U (19L) shown in FIG. 10, which
contains a current detecting terminal as disclosed in
Japanese Patent Laying-Open Gazette No. 60-94772
(U.S. Ser. No. 529,240), for example. In order to moni-
tor on/off states of the IGBT 19U (19L), a current
detecting resistor 20 may be connected to the current
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detecting terminal to detect a voltage Vaon (i.e., volt-
age value based on an emitter voltage VEy(VEL)) gen-
erated in the current detecting resistor 20 1n response to
a current flowing in the IGBT 19U (19L) by the 1n-
verter 16U (16L) shown in FIG. 6, for example.

(iit) In order to detect on/off states of the bipolar
transistor 18U (18L), a current detecting resistor 21 may
be connected to the base of the bipolar transistor 18U
(18L) to derive a voltage generated across the resistor
21 as a monitor voltage V pyon through an amplifier 22,
as shown in FIG. 11. As an on/off monitoring method
which is applicable to every type of switching device
2U (2L), a current transformer 23 shown in FIG. 12 or
a current detecting resistor 24 shown in FIG. 13 may be
inserted in a main current path for the switching device
2U (2L), to derive a voltage induced by the current
transformer 23 or generated in the current detecting
resistor 24 in response to a main current flowing in the
switching device 2U (2L) through an amplifier 25 as a
monitor voltage Varon. It 1s possible to detect whether
or not the monitor voltage Vyon has reached a pre-
scribed voltage level by the inverter 16U (161.) shown
in FIG. 6, for example.

(iv) The monitoring circuit 13U (13L) may be pre-
pared from a voltage comparator 26 shown in FIG. 14,
in place of the inverter 16U (16L). The comparator 26
shown in FIG. 14 receives a voltage to be monitored
such as a monitor voltage Vyon and a previously set
reference voltage V,.rof a reference voltage source 27,
to derive a low-level or high-level momtoring signal
S2y (S21) depending on whether or not the monitor
voltage Vyon has exceeded the reference voltage V..

Although the above embodiment has been described
with reference to a switching device driving circuit for
a PWM inverter circuit, the present invention is also
applicable to all types of driving circuits for switching
devices which are totem-pole connected between high-
potential power terminals and low-potential power
terminals.

Although the present invention has been described
and illustrated in detail, 1t 1s clearly understood that the
same 1s by way of illustration and example only and is
not to be taken by way of limitation. The spirit and
scope of the present invention should be limited only by
the terms of the appended claims.

What is claimed is:

1. A switching device driving circuit for driving first
and second switching devices being totem-pole con-

nected between a high-potential power terminal and a

low-potential power terminal, comprising:

first monitoring means comprised of an inverter hav-
ing a predetermined threshold voltage connected
to a control electrode of said first switching device
for comparing a voltage of said control electrode
of said first switching device with said threshold
voltage to monitor on/off states of said first switch-
ing device to provide a first monitoring signal;

second monitoring means connected to said second

switching device for monitoring on/off states of
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and said first command signal to supply a first driv-
ing signal, for turning on said first switching de-
vice, to said first switching device when said sec-
ond monitoring signal indicates an off state of said
second switching device and said first command
signal directs turn-on of said first switching device;
and

second driving means coupled to said first monitoring

means and said command signal providing means
for receiving said first monitoring signal and said
second command signal to supply a second driving
signal for turning on said second switching device
to said second switching device when said first
monitoring signal indicates an off state of said first
switching device and said second command signal
directs turns-on of said second switching device.

2. A switching device driving circuit in accordance
with claim 1, wherein

said predetermined threshold voltage is smaller than a

threshold voltage of said first switching device.

3. A switching device driving circuit for driving first
and second switching devices being totem-pole con-
nected between a high-potential power terminal and a
low-potential power terminal, comprising:

first monitoring means connected to said first switch-

ing device for monitoring on/off states of said first
switching device to provide a first monitoring sig-
nal;
second monitoring means comprised of an inverter
having a predetermined threshold voltage con-
nected to a control electrode of said second switch-
ing device for comparing a voltage of said second
switching device with said threshold voltage moni-
tor on/off states of said second switching device to
provide a second monitoring signal;
command signal providing means for providing a first
command signal directing on/off of said first
switching device and a second command signal
directing on/off of said second switching device;

first driving means connected to said second monitor-
ing means and said command signal providing
means for receiving said second monitoring signal
and said first command signal to supply a first driv-
ing signal, for turning on said first switching de-
vice, to said first switching device when said sec-
ond monitoring signal indicates an off state of said
second switching device and said first command
signal directs turn-on of said first switching device;
and

second driving means coupled to said first monitoring

means and said command signal providing means
for receiving said first monitoring signal and said
second command signal to supply a second driving
signal for turning on said second switching device
to said second switching device when said first
monitoring signal indicates an off state of said first
switching device and said second command signal
directs turn-on of said second switching device.

4. A switching device driving circuit in accordance

said second switching device to provide a second 60 with claim 3, wherein

- monitoring signal;

command signal providing means for providing a first
command signal directing on/off of said first
switching device and a second command signal

said predetermined threshold voltage is smaller than a
threshold voltage of said second switching device.
5. A switching device driving circuit for driving first

and second switching devices being totem-pole con-

directing on/off of said second switching device; 65 nected between a high-potential power terminal and a

first driving means connected to said second monitor-
ing means and said command signal providing
means for receiving said second monitoring signal

low-potential power terminal, comprising:
first monitoring means connected to said first switch-
ing device for monitoring on/-off states of said first
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switching device to provide a first monitoring sig-
nal:

second monitoring means connected to said second
switching device for monitoring on/off states of

10

monitoring signal indicates an off state of said first
switching device and said second command signal
directs turn-on of said second switching device;
and wherein

said second switching device to provide a second 5  said first and second switching devices include bipo-
monitoring signal; lar transistors, and each said first and second moni-
command signal providing means for providing a first toring means includes a current detecting resistor
command signal direction on/off of said first connected with a base of the respective one of said
switching device and a second command signal bipolar transistors and an amplifier for amplifying a
directing on/off of said second switching device; 10 voltage across said current detecting resistor.

first driving means connected to said second monitor-
ing means and said command signal providing
means for receiving said second monitoring signal
and said first command signal to supply a first driv-
ing signal, for turning on said first switching de-
vice, to said first switching device when said sec-
ond monitoring signal indicates an off state of said
second switching device and said first command
signal directs turn-on of said first switching device;
second driving means coupled to said first monitoring
means and said command signal providing means
for receiving said first monitoring signal and said
second command signal to supply a second driving

15

7. A switching device driving circuit in accordance

with claim 6, wherein

each said first and second monitoring means further
includes a reference voltage source for generating
a predetermined reference voltage and a voltage
comparator for receiving an output of said ampli-
fier and said reference voltage to output said moni-
toring signal.

8. A switching device driving circuit for driving first

20 and second switching devices being totem-pole con-

signal for turning on said second switching device

to said second switching device when said first
monitoring signal indicates an off state of said first
switching device and said second command signal
directs turn-on of said second switching device;
and wherein

said first switching device includes an insulated gate
bipolar transistor with a current detecting terminal,
and

said first monitoring means includes a current detect-
ing resistor connected across said current detecting
terminal of said insulated gate bipolar transistor
and a connecting node of said first and second
switching device.

6. A switching device driving circuit for driving first

25

30

35

nectad between a high-potential power terminal and a
low-potential power terminal, comprising:

first monitoring means connected to said first switch-
ing device for monitoring on/off states of said first
switching device to provide a first monitoring sig-
nal;

second monitoring means connected to said second
switching device for monitoring on/off states of
said second switching device to provide a second
monitoring signal;

command signal providing means for providing a first
command signal direction on/off of said first
switching device and a second command signal
directing on/off of said second switching device;

first driving means connected to said second monitor-
ing means and said command signal providing
means for receiving said second monitoring signal
and said first command signal to supply a first driv-

and second switching devices being totem-pole con-

nected between a high-potential power terminal and a 40
low-potential power terminal, comprising: |

ing signal, for turning on said first switching de-
vice, to said first switching device when said sec-
ond monitoring signal indicates an off state of said

first monitoring means connected to said first switch-
ing device for monitoring on/off states of said first
switching device to provide a first monitoring sig-
nal;

second monitoring means connected to said second
switching device for monitoring on/off states of
said second switching device to provide a second
monitoring signal;

command signal providing means for providing a first
command signal direction on/off of said first
switching device and a second command signal
directing on/off of said second switching device;

first driving means connected to said second monitor-
ing means and said command signal providing
means for receiving said second monitoring signal
and said first command signal to supply a first driv-
ing signal, for turning on said first switching de-
vice, to said first switching device when said sec-
ond monitoring signal indicates an off state of said
second switching device and said first command
signal directs turn-on of said first switching device;

second driving means coupled to said first monitoring
means and said command signal providing means
for receiving said first monitoring signal and said
second command signal to supply a second driving
signal for turning on said second switching device
to said second switching device when said first

45

30

55

second switching device and said first command
signal directs turn-on of said first switching device;

second driving means coupled to said first monitoring
means and said command signal providing means
for receiving said first monitoring signal and said
second command signal to supply a second driving
signal for turning on said second switching device
to said second switching device when said first
monitoring signal indicates an off state of said first
switching device and said second command signal
directs turn-on of said second switching device;
and wherein

each said first and second monitoring means includes
a current transformer connected in series with a
main current path of said first and second switch-
ing devices and an amplifier for amplifying a volt-
age induced by said current transformer.

9. A switching device driving circuit for driving first

60 and second switching devices being totem-pole con-

635

nected between a high-potential power terminal and a
low-potential power terminal, comprising:

first monitoring means connected to said first switch-
ing device for monitoring on/off states of said first
switching device to provide a first monitoring sig-
nal;

second monitoring means connected to said second
switching device for monitoring on/off states of
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said second switching device to provide a second for receiving said first monitoring signal and said
monitoring signal; second command signal to supply a second driving
command signal providing means for providing a first signal for turning on said second switching device
command signal direction on/off of said first to said second switching device when said first

switching device and a second command signal 5
directing on/off of said second switching device;
first driving means connected to said second monitor-
ing means and said command signal providing
means for receiving said second monitoring signal
and said first command signal to supply a first driv- 10
ing signal, for turning on said first switching de-

monitoring signal indicates an off state of said first
switching device and said second command signal
directs turn-on of said second switching device;
and wherein

said second switching device includes an insulated
gate bipolar transistor with a current detecting

vice, to said first switching device when said sec- _terminal, and o _
ond monitoring signal indicates an off state of said said secfmd mMOonitoring means includes a current
second switching device and said first command detecting resistor connected across said current
signal directs turn-on of said first switching device; 15 detecting terminal of said insulated gate bipolar
second drniving means coupled to said first monitoring transistor and said low-potential power terminal.

means and said command signal providing means * ¥ *x x %
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